Introduction {#sec1-1}
============

Multiparametric magnetic resonance imaging (mpMRI) of the prostate is a powerful tool for detection and localization of prostate cancer that combines conventional morphological T2-weighted imaging with various functional MR techniques such as dynamic contrast-enhanced MRI, diffusion-weighted imaging (DWI), and spectroscopy. DWI is less-time consuming compared to other functional techniques and is performed without contrast media \[[@ref1]\]. The contrast in the diffusion-weighted images is determined by differences in motion of water molecules in different tissues that this mobility of water molecules is affected by histological features such as tissue cellularity \[[@ref2]\]. \]. DWI can evaluate differences in water molecule diffusion by qualitative visual assessment using relative signal intensity (SI) and also by quantitative assessment calculating the apparent diffusion coefficient (ADC) from diffusion-weighted images \[[@ref3]\]. Malignant changes of the prostate gland that are often associated with increased cell density and loss of lumenal and ductal spaces, leading to more restrictions for diffusion of water molecules, can be effectively probed by diffusion-weighted imaging \[[@ref4],[@ref5]\]. In DWI the hypointensity on the ADC map is an indication of prostate cancer \[[@ref6],[@ref7]\]. It has recently been reported that DW images obtained by ultrahigh b-values provide a good contrast between cancerous and background tissue \[[@ref8],[@ref11]\]. The European Society of Urogenital Radiology (ESUR) published guidelines for the standardization, evaluation, and reporting of prostate MRI that include a scoring system named PI-RADS (Prostate Imaging Reporting and Data System) in which abnormalities in the prostate received a score ranging from 1 to 5 \[[@ref12]\]. PI-RADS Assessment of DWI includes an ADC map and high b-value images. A lesion with an increased SI on the high b value diffusion-weighted images and decreased signal intensity on the ADC map is given 5 out of 5 possible scores in the PI-RADS scoring system. The reduced signal on the ADC map of suspect lesions is routinely applied in the clinical practice. However, the effect of high and ultra-high b-values on the visualization of prostate cancer using native DW images remains unclear. Therefore, this study aims to investigate the increase in SI of the high b-value diffusion-weighted images of prostate suspecting lesions with the aid of histopathological findings for TRUS-guided prostate biopsy as a reference.

Material and Methods {#sec1-2}
====================

Patients {#sec2-1}
--------

This retrospective single-institution study was approved by the institutional review board and written informed consent was obtained from every patient. From April 2016 to April 2017, 53 consecutive patients with clinically suspected prostate cancer, such as positive findings on digital rectal examination or elevated serum prostate-specific antigen (PSA) level (≥ 4 ng/mL), were enrolled in our study. All patients underwent routine TRUS-guided prostate biopsies involving 12 cores after the MRI examination. No MRI-targeted biopsies were performed. Patients with prior hormonal, surgical, or irradiation therapies were excluded and median PSA level also was 9.49 ng/mL (range, 3.2-156 ng/mL).

MRI Data Acquisition {#sec2-2}
--------------------

MRI examinations were performed on a 1.5-T whole-body MRI scanner (Magnetom Essenza, Siemens Medical Systems, Erlangen, Germany). Patients were imaged in the supine position using a 6-channel pelvic phased-array coil then an endorectal coil was not employed. All patients underwent T2-weighted imaging (T2WI) and DWI and finally no bowel preparation was performed. Turbo spin-echo T2-weighted images (in-plane resolution 0.57×0.57 mm^2^, repetition and echo time TR/TE 3500-3900/100 msec, a slice thickness/interslice gap setting of 4/0.5 mm, 20 sections, field of view 280×280 mm^2^, flip angle 150°) covering the whole prostate and seminal vesicles were acquired in axial and sagittal planes.

Diffusion-weighted imaging was performed using a single-shot echo planar imaging sequence in the transverse plane during free breathing with the following parameters: repetition and echo time TR/TE 4200/110 msec; a slice thickness/interslice gap setting of 4/0.5 mm; field of view 250×250 mm^2^; number of scan average (NSA) 6; acquisition matrix 110×110; parallel imaging factor of 2; receiver bandwidth 1188 Hz/voxel; EPI factor 70; b-values of 0, 800 and 1600 s/mm^2^.

Measurement {#sec2-3}
-----------

Images were analyzed by one experienced radiologist who was not involved in image acquisition and was blind to patient clinical information. First, an increase in SI of high b-value images was assessed by the radiologist. The location of lesions on the high b-value (1600 s/mm^2^) diffusion-weighted images were compared to the biopsy specimen locations. The reference standard was judged by systematic evaluation of biopsy results: regions in biopsy specimens showing pathological evidence of cancer were considered as positive, whereas regions showing non-presence of cancer were considered as negative. Regions of interest (ROIs) were drawn upon the lesion, the peripheral zone and the central gland of the prostate. Signal intensities on the high b-value (1600 s/mm^2^) images of the peripheral zone, the central gland, and the defined lesions were evaluated using ROI-based measurements and the picture archiving and communication system (PACS). The b-value images were normalized for each patient by dividing signal intensity of ROIs by the mean value of an ROI placed within the internal obturator muscle in the proximity of the prostate. Normalization of high b-value images compensates the bias resulting from variability between patients. Throughout the measurement, we used "copy" and "paste" of the ROI to standardize the ROI sizes and avoid sampling errors.

The statistical analysis was performed using IBM SPSS Statistics 19 for Windows (SPSS, Chicago, IL, USA). A P value \< 0.05 was considered significantly. A student-paired t-test was used to compare SI of malignant lesions and peripheral zone or central gland tissues. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for prostate cancer detection using SI of high b value DWI were calculated. Lesions that showing pathological evidence of cancer in biopsy specimens and increased signal intensity in high b value diffusion-weighted images were considered as true positive. Lesions showing no-presence of cancer in biopsy specimens and no increase in signal intensity were considered as true negative.

Results {#sec1-3}
=======

In this study fifty three patients were involved. Seventeen patients had histologically confirmed prostate cancer in 35 lesions. Twenty-two of these tumors were located in the peripheral zone and thirteen of them in the central and transitional zone. Thirty-three patients had negative biopsies. In the patients with confirmed prostate cancer, fourteen had visually increased SI on the high b-value (1600 s/mm^2^) images ([Figure 1](#JBPE-9-453-g001.tif){ref-type="fig"}). The SI of lesions for these patients was higher than the SI of peripheral zone (22±18%) or central gland (31±20%).

![A 67-year-old patient with TRUS-guided biopsy-proven prostate cancer, Gleason Score 4+5=9 and PSA level of 4.8 ng/ml. (A) Transverse T2- weighted image shows a hypointense area (arrow) in the peripheral zone of the left lobe. (B) Transverse DW image (b=800 s/mm^2^). (C) Transverse DW image (b=1600 s/mm^2^) clearly demonstrates hyperintense area (arrow) in the peripheral zone of the left lobe. (D) Apparent diffusion coefficient (ADC) map with reduced signal intensity (arrow).](JBPE-9-453-g001){#JBPE-9-453-g001.tif}

Signal intensity on the high b value diffusion-weighted images increased in eight patients with negative biopsies ([Figure 2](#JBPE-9-453-g002.tif){ref-type="fig"}). The SI of these lesions was 23±21% and 35±18% higher than the SI in the peripheral zone and the central gland, respectively. The increase in SI in the cancerous and non-cancerous lesions in comparison with the peripheral zone and the central gland was highly significant (P\<0.001, respectively) than patients without visually increased SI on the high b-value images. Altogether, 71% of lesions with increased SI on the high b-value images were lesions with confirmed prostate cancer. Malignant lesions with increased SI were not visually distinguishable from non-tumor lesions with increased SI on the high b-value images.

![A 67-year-old patient with increased SI on the high b-value images and a negative biopsy. (A) Transverse T2- weighted image shows a hypointense area (arrow) in the peripheral zone of the left lobe. (B) Transverse DW image (b=800 s/mm^2^). (C) Transverse DW image (b=1600 s/mm^2^) clearly demonstrates hyperintense area (arrow) in the peripheral zone of the left lobe. (D) Apparent diffusion coefficient (ADC) map with reduced signal intensity (arrow).](JBPE-9-453-g002){#JBPE-9-453-g002.tif}

The sensitivity, specificity, PPV, and NPV for prostate cancer detection using SI of high b value DWI were 75, 82, 66, and 87 %, respectively.

Discussion {#sec1-4}
==========

DWI, as a part of multiparametric MR approach, is a promising method for detection and characterization of prostate cancer. DWI probes the mobility of water molecules in tissue at a micrometer scale. Diffusion MR imaging can evaluate differences in motion of water molecular by qualitative visual assessment using relative signal intensity and also by quantitative assessment calculating the ADC \[[@ref3]\]. ADC values in prostate cancer are considerably lower than those of normal prostate tissue \[[@ref13],[@ref14]\]. In prostate cancer, the loss of large lumenal and ductal spaces of normal glandular tissue and an increase in cell density lead to decreasing diffusivity of water molecules \[[@ref15]\]. In addition to ADC, the signal intensity of high-b-value DWI has recently gained much attention and shown a capability for tissue and tumor characterization and detection \[[@ref11],[@ref16]\]. The recently released guidelines for prostate MRI from the ESUR recommends the inclusion of high-b value images (b values of 1400-2000 sec/mm^2^) to the recommended sequences obtained during mpMRI of the prostate. On the high-b value images, the signal intensity of the normal prostate tissue background is low, whereas clinically significant cancers demonstrate high signal intensity. The diffusion b value (unit, s/mm^2^) controls the degree of diffusion weighting within the DWI pulse sequence.

In this study, there were lesions with visually increased SI on the high b-value images that their SI was significantly higher than the SI of surrounding tissue. About 71% of these lesions were tumors. However, 29% of lesions with increased SI were histologically noncancerous after systematic TRUS-guided prostate biopsy. Nevertheless, visually increased SI on the high b-value images is a sign of malignancy.

The b value used in DWI strongly influences the signal intensity of the lesions on the high b value images. However, the reason for the increase in SI on the high b value images of some cancerous or even benign lesions is not exactly clear. Cellular tissues with highly restricted water regions generally demonstrate high signal intensity on high-b value images. However, in some cases, the increased signal intensity on the diffusion-weighted images cannot be attributed to limitations in water mobility, but they arise from tissues with intrinsically long T2-relaxation times; an effect is known as "T2-shine through". This effect could be overcome by the use of b values greater than 1000 s /mm^2^. Given that in this study DW images were obtained by b-value of 1600 s/mm^2^, the impact of the T2 effect might be limited.

The sensitivity, specificity, PPV, and NPV for prostate cancer detection using SI of high b value DWI were 75, 82, 66, and 87 %, respectively. Although the sensitivity and PPV of this study were relatively less than some other studies, however, due to the differences in equipment and method used for correlation of radiologic with pathologic findings, it is difficult to compare the accuracy of various studies. Several possible etiologies can be suggested for the low accuracies in our study. First, imaging was performed using a torso phased-array coil; use of an endorectal coil would have resulted in increased SNR and been expected to yield higher accuracy for tumor localization. Second, we assessed high b value diffusion-weighted images, but not the corresponding ADC map. Finally, the standard of reference for comparing SI of background normal tissue and prostate cancer was TRUS guided prostate biopsies instead of prostatectomy specimens. It should be noted that positive results of even repeated TRUS-guided biopsies in patients with elevated PSA are not always true. The results of our study could be affected by this issue that tend to underestimate the calculated sensitivity and PPV.

Additional limitations of our study include the following. First, the systematic biopsy was used for determination of lesions. Considering that lesion- guided biopsies were not conducted, there was not the exact correspondence between MRI finding and biopsy results. Second, our study was limited by a relatively small sample size. Third, in our study, the suspected prostate cancer patients were examined using a 1.5 T MRI system with 8- channel external coil. Because of the higher SNR and improved spatial resolution at 3 T, 3 T MRI system can improve the diagnostic accuracy for detection of prostate cancer.

Conclusion {#sec1-5}
==========

In conclusion, the findings in this study suggest that the high b-value DWI can improve diffusion contrast between prostate cancer lesions and normal background tissue. Moreover, increased signal intensity on the high b-value diffusion-weighted images can be a useful sign of malignancy.

This work is a part of the Ph.D. thesis which is financially supported by Ahvaz Jundishapur university of medical sciences (Grant No. 94186).

**Conflict of Interest:**None
